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Abstract 
This paper presents the backdrop, opportunities and mission of the European CCS Laboratory Infrastructure, ECCSEL.  After  
four  years  of  preparatory  work,  involving  14  partners  in  10 countries, ECCSEL is ready to start operations in 2015, as a 
legal entity1, recognised as a European Research Infrastructure (ERI), thus, constituting the only ERI dedicated to CCS. ECCSEL 
is appropriate only for high-profile research, owned exclusively by governments and intergovernmental organisations (EU, 
2010,2). ECCSEL was conceived by the European Strategic Forum for Research Infrastructures (ESFRI), recommended for 
inclusion in the Work Programme of the European Commission under FP73  (2008). Significant investments are planned making 
the most advanced CCS laboratories available for access under the common hallmark ECCSEL. 
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1  INTRODUCTION 
ECCSEL was conceived by ESFRI, the European Strategic Forum for Research Infrastructures, and it was 
recommended for inclusion in the Work Programme of the European Commission (2008). Under the auspices of the 
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European Commission's FP7 Infrastructures Programme, and coordinated by the Norwegian University of Science 
and Technology (NTNU), ECCSEL has been planned by a consortium comprising leading European CCS research 
institutions over two preparatory phases: ECCSEL PP1 (2011-2012) and ECCSEL PP2 (2013-2014). The main 
recommendation is to establish ECCSEL as a legal entity, in continuation of ECCSEL PP2 in 2015.  
 
ECCSEL vision: Enabling low to zero CO2 emissions from industry and power generation. 
 
CCS is an emerging technology of geopolitical importance that must be developed and deployed at large on a very 
short notice. Recent studies suggest that in order to have the required impact on climate change, CCS must reach a 
1% share of the global energy mix within just one decade4,5. 
 
Experience from the previous century suggests that it takes three decades – at the best – from an alternative energy 
technology becomes available until it is deemed material6. In order to meet the 2°C scenario of the IEA7, CCS must 
be developed and deployed to become material within just one decade (cf. Figure 1). This represents an 
unprecedented challenge that calls for the highest political leverage to mobilise the required human and industrial 
capacities and financial resources5.  
 
Figure 1: Trajectories for broaching alternative energy technologies (Source: Kramer and Haigh4) 
 
1.1 Definition of European Research Infrastructure 
Consistent with the European Commission and the European Strategy Forum on Research Infrastructures (ESFRI), 
ECCSEL shall, as a European Research Infrastructure, comprise facilities, resources or services of a unique nature 
that have been identified by pan-European research communities to conduct top-level activities in a specific field. 
Essential is the unique character of its distributed facilities recognised jointly as a research infrastructure. 
1.2 Vision of ECCSEL 
ECCSEL aims at assembling and opening access for researchers to a top-notch research infrastructure devoted to 
second and third generation CCS technology in an efficient and structured way pursuant to the following vision:  
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Enabling low to zero CO2 emissions from industry and power generation 
 
 
 
Subject to this vision, ECCSEL shall  
x Facilitate development of CCS techniques compatible with the 2°C scenario  
x Become the hallmark of world-class experimental research pertaining to CO2 capture, transport and storage 
techniques (CCS)  
 
In this context, ECCSEL shall plan, construct and operate a pan-European research infrastructure dedicated to 
developing second and third generation CCS technologies targeting commercial uptake by 2020-2030 and beyond 
2030, respectively. 
1.3 The ECCSEL concept 
ECCSEL will comprise a network of distributed facilities and national nodes connected to a central hub called the 
Operation Centre. The responsibility for its operation will be distributed between the central hub and the individual 
facilities in an agreed and coordinated way. The main user groups of ECCSEL will be universities, institutes and 
industry. Figure 2 illustrates the role of ECCSEL as a means for bringing the results of Europe's CCS research up to 
the level of industrial uptake. 
 
Figure 2: The concept of ECCSEL and its use vis-à-vis the CCS research community. 
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Figure 3: Nations and institutions involved in the planning of ECCSEL (2011-2014) 


Nationsandpartnersinvolvedinthe
planningofECCSEL

1. Norway(NTNU,SINTEF,RCN)
2. France(IFPEN,BRGM)
3. TheNetherlands(TNO)
4. Germany(PP1:DLR/PP2:USTUTT)
5. UnitedKingdom(BGS)
6. Switzerland(ETHZ)
7. Spain(CIUDEN)
8. Italy(OGS,ENEA)
9. Greece(CERTH/CPERI)
10. Poland(PGIͲNRI)
 

1.4 Backdrop 
1.4.1 The growing energy demand 
The demand for fossil fuels will continue to grow, however, with a significant impact on the global CO2 emissions 
(cf. Figure 4 and Figure 5). It seems evident that the Fukushima disaster, in March 2011, subject to extensive 
reconsideration of nuclear power projects around the world, puts additional pressure on the primary energy reserves, 
especially coal. And, shale-gas has recently become an issue, as some studies indicate that it has higher 
environmental impact than coal, because a considerable fraction of the methane escapes to the atmosphere in 
venting and leaks over the lifetime of a well (according to 8, 9, 3.6-7.9% of the methane escapes). However, other 
studies indicate that the greenhouse gas emissions of shale gas and conventional gas are similar and nearly half of 
coal.10 
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Figure 4: The global production of 
fossil fuels  
 
Figure 5: CO2 emissions shared among 
the OECD and the non-OECD countries. 
(Data until 2012 are historic. Projections 
from 2012-2050 result from linear 
regression of statistical data for 2000-
2012. 
 
 
 
 
 
Figure 6: European CO2 emissions. EU 
from 1990. 
  
Source: Data from BP statistical review of world energy, 2013 
1.4.2 Where to cut CO2? 
As depicted in Figure 6, the European CO2 emissions are on decline. However, according to the regression line 
between 1990 and 2012, the total CO2 emissions by 2050 may be only 12% lower than the level of year 2000. The 
2°C scenario requires, however, closer to 80% cuts. This large discrepancy suggests that rather tough measures will 
be necessary. Still, the EU is among the world's third largest emitters of CO2, next to China and the USA. In 2012, 
the European Union was responsible for 3978 million tonnes of CO2 (4 Gtpa, i.e. 11.5% of the global CO2 
emissions).  
 
In a recent roadmap, the IEA advises on how CCS should be applied in various regions throughout 2030 and 2050 
emphasising the importance of employing CCS extensively in sectors of power generation and industry as indicated 
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Figure 7 (IEA Roadmap 2013). In a European context, this means aggregated amounts of 1.8 Gt until 2030 and 12.2 
Gt until 2050 (cf. Figure 7, which takes into account the expected growing demands). According to the IEA, 40% of 
these emission cuts must take place in the European industry. Viable ways for achieving these cuts are further 
indicated by the IEA, as appears in Figure 8. 
 
Table 1 identifies the eight most significant Member States of the European Union ranked according to their use of 
fossil fuels in the power sector and industry. Within the European Union, some of these nations are assumed having 
the largest potential for emission cuts via CCS. 
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Figure 7: Cumulative CO2 captured 2015-30 and to 2050, by region in the 2°C scenario (IEA Roadmap, 2013) 
 
 
Figure 8: Routes to CO2 capture in power generation (by fuel) and industrial applications (by sector) (Courtesy IEA, IEA 
Roadmap 2013) 
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Table 1: CO2 emissions based on fossil fuels by nation and sector (2010) (EU statistics 2013).11  
Mtoe = megatons oil equivalents; Mtpa = megatons per year. 
    Per cent of total   
Power sector Industry Power Industry Total CO2 
 Mtoe  Mtoe % %  Mtpa 
DE 349.1 DE 114.1 41.0 13.4 DE 852.4 
UK 190.5 FR 67.5 35.3 12.5 UK 539.6 
PL 172.6 UK 66.2 39.0 15.0 IT 442.5 
IT 132.6 ES 62.3 32.6 15.3 FR 406.3 
ES 71.7 IT 60 21.4 17.9 PL 334.4 
NL 66.2 PL 30.7 20.4 9.5 ES 324.2 
FR 60.8 NL 27.2 25.9 11.6 NL 234.6 
CZ 56 CZ 26.6 46.3 22.0 CZ 120.9 
1.4.3 Challenges of CCS 
Immediate challenges of CCS are the high energy penalty and the higher cost of electricity (in the power sector) or 
additional cost in industry. Another concern is liability, as CO2 must be kept trapped for at least three thousand years 
in order to obviate climate change12. Addressing these challenges by developing new knowledge and technology is 
indeed a main driver for ECCSEL. 
 
Whereas CO2 capture is by far the most costly and energy-intensive element of the CCS chain, the qualification and 
permitting of storage sites appear to constitute the critical path in terms of lead time for projects and for the 
deployment of CCS at large.  
1.4.4 Urging the ECCSEL initiative 
It is expected that pressure placed on research, innovation, technology development, testing and verification will 
grow to a level that cannot be met by today’s research laboratories alone. For this reason ECCSEL will be 
established as a European Research Infrastructure, with open access to the most advanced research laboratories 
devoted to CCS.  
 
ECCSEL will be developed as a network of both complementary pre-existing laboratories and new pilot and test 
facilities. Pre-existing laboratories will be coordinated as distributed facilities, some of which will be prioritised for 
upgrading to meet future research requirements for specific research and testing of CCS technologies (cf. Section 6). 
The need for upgraded and new facilities is widely recognised among stakeholders across Europe, as emphasised by 
the Zero Emissions Platform (ZEP)13 and the European Energy Research Alliance on CCS (EERA-CCS)14.  
2 OBJECTIVES AND TARGETS 
2.1 Objectives 
ECCSEL aims at gaining recognition as a world-class research infrastructure based within leading European CCS 
institutions and knowledge-centres. It will be due for registration in 2015, forming a legal entity allocating efforts 
and resources to selected scientific and technological aspects of the CCS chain. 
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The objective is to provide a world-class distributed research infrastructure set up as a central hub responsible for 
the coordinated operation of multiple research facilities operating under a joint hallmark, ECCSEL.  
 
ECCSEL shall reach its principal task by pursuing a dual approach:  
1) Consolidating, implementing, constructing and operating distributed resources comprising existing and 
upgraded research facilities as well as new ones,  
2) Facilitating superior experimental research on second generation and third generation CO2 capture and 
storage techniques (CCS), envisaging commercial uptake by 2020-2030 and beyond 2030, respectively. 
 
Moreover, ECCSEL shall:  
x Provide an inclusive environment enabling high-ranking engineers and scientists from Europe and third 
countries, to get access to state-of-the-art laboratories,  
x Reserve up to 30% of the slots, or time available for accessing its research facilities, for researchers from 
nations other than those involved in ECCSEL, selected on the basis of project descriptions and independent 
peer-review processes, 
x Contribute to the mobility of ideas and researchers, thereby contributing to the intellectual potential, 
sharing and making use of knowledge specific to CCS. 
 
 
 
ECCSEL represents a pan-European approach, rather than a local or national initiative, as it is based on a European 
collection of CCS research laboratories and test sites. Although significant investments will be directed into new 
advanced research laboratories, ECCSEL will benefit from having a pre-existing collection of research facilities and 
internal CCS expertise. 
 
ECCSEL will optimise the use and development of the best CCS research facilities in Europe. In the field of science 
and technology, it will create a new research environment of pan-European interest for the European scientific 
community. Duplication of efforts and/or poor utilisation of resources will be avoided by adjusting research 
priorities according to industrial needs and to European and national strategies.  
 
At the present critical stage in technology development, issues of techno-economic viability can be quickly 
addressed and solutions for commercial deployment be devised through the provision of advanced research 
laboratories and associated knowledge-sharing. ECCSEL recognises that this kind of de-risking of the commercial 
CCS development, which is still at the early demonstration scale, will improve the confidence in CCS. 
The stated objectives imply huge international investments for targeted research in the field of CCS, which require 
public money for the set-up of new laboratories and test sites, and for the upgrading of existing facilities and 
equipment. 
2.2 Specific targets and performance indicators 
ECCSEL will conduct strategic and technical work directed towards the most significant and pressing needs for 
advanced research laboratories and their prioritisation.  
 
To provide guidance for the prioritisation and selection criteria for research topics to be pursued, and to estimate the 
required resources needed to achieve the objectives, the following two specific and achievable targets shall apply: 
 
1) The ECCSEL research infrastructure shall implement the most advanced CCS research facilities based on a 
sub-set of criteria. Laboratories will consist of existing facilities, major upgrades of existing facilities, and 
new unique laboratories, pilots and test sites. Major upgrades and new laboratories shall be constructed, as 
required to develop second and third generation CCS technology and emerging concepts, including 
monitoring and storage. 
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2) Three critical dimensions shall prevail that are all deemed essential for CCS to reach the stage of large-
scale transition, notably lead time, energy penalty and cost: 
x In the planning, emphasis will be placed on emerging concepts with reasonably high potential for 
improvement (e.g. efficiency/energy penalty, cost, and expected technological break-through, 
including HSE issues, and options for tail-end usage of the CO2). 
x Preference will be given to processes relevant to the European power sector using coal and natural gas, 
and alternative CCS concepts related to large point-sources in industry. 
 
The achievements of these specific targets will determine the overall resources required by ECCSEL as a joint 
research infrastructure.  
 
The improvements and effective use of the infrastructure will be measured with typical performance indicators. See 
Table 2 for the proposed performance indicators (values to be defined). 
 
Table 2:   Performance indicators of ECCSEL  
TOPIC DESCRIPTION OF THE PERFORMANCE INDICATOR VALUE 
CREATE NEW CONCEPTS Number of ideas for new CCS technologies  
 Number of new concepts introduced by ECCSEL   
 Time frame used in strategic planning of the facility  
   
DEVELOPING 
TECHNOLOGY  
Development time from proof of principle to a pilot demonstration 
test 
 
 Bench marking technology development processes such as   
 Number of redesigns   
 Number of budget changes (reductions) due to improvements  
 Number of design improvements  
   
DEPLOYMENT AND 
DEMONSTRATION 
Number of successful pilot plant demonstration projects launched    
 Number of business partners involvement in technical  improvements  
   
MANAGING KNOWLEDGE 
AND TECHNOLOGY 
Number of new concepts and facilities due to the technology push 
initiated by ECCSEL 
 
 Cost benefit analyses of the R&D within ECCSEL   
 Number of patents and new process developed within ECCSEL   
 Number of publications   
 Number of external parties and technology providers that used 
resources and assets of ECCSEL facility 
 
 Number of technology workshops with stakeholders  
 Number of trainings and researchers providing lessons  
2.3 Research ventures 
Research ventures, such as joint research actions and research projects suggested by visiting scientists, will be 
ranked and prioritised according to scientific quality, relevance and topical approach. Emphasis will be placed on 
experimental verification, validation and calibration of emerging CCS techniques, concepts, theories, 
physiochemical phenomena, methods and specific computer codes. In this undertaking, related services will be 
extended to support research activities as appropriate. Likewise, innovative schemes will be applied to the CCS 
chain, including the valorisation from CO2 at the tail-end. 
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3 LEGAL FRAMEWORK  
3.1 Legal and governance structure  
ECCSEL is aiming at becoming a pan-European legal entity according to the terms and conditions as set out in a 
new European Research Infrastructure Consortium (ERIC) model15.  
 
ECCSEL shall: 
1) Be structured as a European Research Infrastructure called the ‘European Carbon Dioxide Capture and 
Storage Laboratory Infrastructure’, referred to as ‘ECCSEL’.  
2) Be a distributed research infrastructure, as defined in Article 2(a) of Regulation (EC) No 723/2009, located 
in ECCSEL member countries, as well as in other countries where ECCSEL has made agreements. 
3) Have its statutory seat in Trondheim, Norway.  
4) Use English as working language. 
 
According to the terms and conditions of this model, it is required that membership of ECCSEL must "include a 
Member State of the European Union and two other countries that are either Member States or associated countries. 
Further Member States or associated countries may join as members at any time on fair and reasonable terms 
specified in the Statutes and as observers without voting rights on conditions specified in those Statutes. Third 
countries other than associated countries as well as intergovernmental organisations may also become members"15. 
 
Moreover, "Member States or associated countries shall hold jointly the majority of the voting rights in the assembly 
of members" (i.e. the General Assembly).  
 
Confidentiality and IPR requirements 
As the purpose of ECCSEL is to facilitate research by non-members, ECCSEL must apply a generous policy with 
regard to intellectual property rights. This implies as follows: 
1) Intellectual property rights of results created by visiting researchers and users of ECCSEL facilities shall 
lawfully belong to the inventor.  
2) Other intellectual property rights relating to the ECCSEL research infrastructure per se shall be managed 
by the Board of Directors in accordance with the strategies decided by the General Assembly. 
3) ECCSEL shall ensure that users agree to the terms and conditions governing the access to results and 
intellectual property rights of results, and that suitable security arrangement is in place regarding internal 
storage and handling. 
4) ECCSEL shall have in place well defined arrangements for investigating allegations of security breaches 
and confidentiality disclosures regarding research data and information. 
5) ECCSEL shall provide guidance to researchers to ensure that research performed with material made 
accessible through ECCSEL shall be undertaken within a framework that recognises and acknowledges the 
rights of ECCSEL. 
6) A detailed Intellectual Property Rights Policy, approved by the General Assembly, shall be separately 
agreed by the parties operating the ECCSEL facilities.  
4 ACCESS RULES 
ECCSEL will provide an inclusive environment enabling high-ranking researchers and scientists from all regions of 
Europe (and from third countries) to get access to state-of-the-art research laboratories to conduct research actions. 
Intentionally, this will encourage the European research community to become the most competitive and dynamic 
knowledge-provider in the world, pertaining to CCS.  
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As required to attract the best researchers from across the world, ECCSEL is determined to create generous 
opportunities to carry out advanced research. This includes a commitment to grant effective access pursuant to a sub-
set of pre-defined criteria. Effective access means that a significant part of the accesses and/or available time (up to 
30 %) will be kept open to researchers from other nations than the countries involved in ECCSEL. Hence, open 
access for users will be offered on the basis of scientific excellence and specific criteria, as assessed and 
recommended by an independent peer review process coordinated and administered by the ECCSEL Operations 
Centre.  
 
It should be noted, however, that open access does not mean that the research facility and services will be provided 
for free. The operational cost of each ECCSEL facility requires funding from various sources.  
4.1 Principles of selection for user access 
The objective is to help researchers to access the best available research laboratories and facilities of crucial 
importance to their research work. The access to ECCSEL facilities and related services will be granted on 
competitive terms and conditions. 
 
Priority to user projects will be given according to: 
x Scientific quality 
x Relevance to the objectives  
x Uniqueness 
 
These aspects are required in order to ensure the capability of moving technological frontiers, and to avoid 
replication of research actions. It is foreseen that user access to ECCSEL research laboratories and facilities shall be 
granted on the basis of either open calls, or on availability for a specific facility. The selection of access projects 
requires specific selection criteria to be updated by ECCSEL on a regular basis.  
 
The procedure for granting access is: 
1) A scientific committee will be based to evaluate proposals for user access projects according to pre-defined 
selection criteria. 
2) Evaluation of the funding plan for the proposals (performed by the ECCSEL Operations Centre and the 
relevant research facility). 
3) Final evaluation based on availability of the specific research facility. 
4.2 Evaluating proposals for topical research and user access 
The granting of user access requires specific selection criteria that may vary by the case. The guidelines will require 
reference: 
x Level of research 
x Scientific merit 
x Competence of the project manager and project group 
x Feasibility 
x International cooperation 
x Dissemination and communication of results 
x Relevance relative to open calls for proposals 
x Ethical perspectives 
x Environmental impacts 
 
In general, these criteria may be applied for user access based on open calls and topical research, as well as for 
access based on availability. Additional selection criteria may be stated in specific calls for user access proposals. 
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5 ECCSEL OPERATIONS CENTRE 
Whereas the operations of the research laboratories and facilities will be decentralised, a joint superstructure – the 
ECCSEL Operations Centre – will form the hub of the distributed facilities and resources. The Operations Centre 
will become the statutory seat of the legal entity of ECCSEL and it will be responsible for coordinating the overall 
actions within the distributed research infrastructure. The authority is vested in the ECCSEL Operations Centre, 
which will duly report to and take directions from the Board of Directors.  
 
5.1 Mandate, responsibilities, duties and sanctions of the Operations Centre 
The Operations Centre shall have the responsibility to coordinate the infrastructure at the European level. The 
Operations Centre shall also ensure that the planning processes are consistent with the scientific and technological 
objectives of ECCSEL.  
 
Moreover, the Operations Centre shall coordinate and facilitate the required extension of the research infrastructure 
in support of the scientific and technological objectives of ECCSEL.  
 
The Operations Centre shall pay efforts to the general identity of ECCSEL, thus securing that ECCSEL, as a 
distributed research infrastructure, will operate as a strong and productive actor both at the European level and 
globally. Moreover, the Operations Centre will facilitate outreach, training and mobility for its members, users and 
internal operators.  
 
The Operations Centre will be directed by the ECCSEL Executive Director who will be responsible for the required 
support, preparation and follow-up actions in meetings to be held by the General Assembly, the Board of Directors 
and advisory committees. In order to undertake these purposes efficiently, the Operations Centre will have to 
employ sufficient staff. 
5.2 Formal structure 
The organisational structure of the ECCSEL Operation Centre is shown in Figure 9, which identifies the overall 
duties and tasks to be managed by the Operations Centre. The Board of Directors will appoint the Executive 
Director who is responsible for the day-to-day management of ECCSEL. As appropriate, the structure and size of 
the Operations Centre will be adapted to the current needs of ECCSEL, from the outset throughout its initial and 
advanced phases. 
Figure 9: Operations Centre organisational structure and services 
 
 
The governance structure of ECCSEL appears in Figure 10.  
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All ECCSEL members will have a seat in the General Assembly, and the General Assembly will jointly appoint the 
members of the Board of Directors (as required). The strategic planning, prioritising, allocation of resources, needs 
and opportunities of the various ECCSEL facilities, will be decided by the General Assembly.   
 
The Operations Centre will be under the responsibility of its Executive Director, who will guarantee the day-to-day 
management of ECCSEL activities, according to the indications of the Board of Directors.  
 
Figure 10: ECCSEL Governance structure 
 
 
 
 
In addition to the links between the Operations Centre and the distributed ECCSEL operations, a separate Research 
Infrastructure Coordination Committee consisting of representatives of operators of research facilities, shall be 
established. The main role of this committee is fourfold:  
1) To ensure that the facilities are being used and modernised as planned 
2) To recommend improvements and innovation to ECCSEL in a consistent, coherent and stable manner with 
regard to its primary objective  
3) To confirm that proficiency is adhered to in all instances in order to advance the scientific frontiers beyond 
the state-of-the-art 
4) To ensure that the national investments of the members are coordinated with the implementation of 
ECCSEL 
 
The Research Infrastructure Coordination Committee will report directly to the Executive Director. 
5.3 Location of the Operations Centre  
The Operations Centre will be hosted by Norway, located at the Norwegian University of Science and Technology 
campus in Trondheim. The human resources and employment policies of the Operations Centre will follow the 
legislation of the host country, or will be provided as an “in kind” contribution by the members. 
 
The Operations Centre will be supported by a series of national nodes in the countries where the major laboratories 
forming the pan-European ECCSEL infrastructure will be operative. 
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This solution meets the interest of the ECCSEL Consortium because it will allow: 
 
1) A stronger involvement of all the countries which have expressed a clear intention to support ECCSEL. 
2) An easier dialogue with the National Authorities which will decide on future funds for new facilities. 
3) An easier access to ECCSEL by a wider European scientific community. 
5.4 Implementation of the Operations Centre 
During the initial phase (cf. Figure 11), ECCSEL will have a lean operational management structure, as required to 
operate the distributed ECCSEL resources during a critical starting phase. From the start activities will mainly be 
based on existing research facilities within the consortium involved in ECCSEL operations. 
Figure 11: Timeline for ECCSEL (note: the time for entering the advanced phase is indicative) 
 
 
In the initial phase, efforts will be made to gradually develop the advanced phase. The operator of the Operations 
Centre and ECCSEL facilities will a) undertake joint planning for improvements/upgrades, b) submit joint 
applications for funding, and c) provide open access to visiting researchers.  
 
5.5 Cost of running the Operations Centre 
As per today, the expected annual overall cost sums up as follows: 
Table 3: Assumed annual costs for the ECCSEL Operations Centre 
Type Costs during the initial phase (k€) 
Costs during the advanced 
phase (k€) 
 
Personnel costs 
  
Administrative staff, equivalent to 
2 full time employees (annually) 
200  
Administrative staff, equivalent to 
4 full time employees (annually) 
 450 
Executive Director 150 150 
 
Operating costs 
  
Offices renting 50 100 
Informatics system (*) 50  
Informatics system maintenance / 
update (yearly) (*) 
15 25 
Travels 25 50 
Overheads/Various 
 
110 225 
TOTAL 600 1.000 
*Note: These values refer to the web system and database repository referring to the research facilities and 
do not include the administrative software used by the Operations Centre. 
ECCSEL in 
operation
20202011 2012 2013 2014 2015 2016 2017 2018 2019
Investments
Initial phase Advanced phasePP1
Preparatory phase
PP2
Implementation Upgrades and new builds
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6 INVENTORY OF ECCSEL INFRASTRUCTURE 
To remain at the forefront of research and technological development of CCS implies complex and costly 
laboratories, test sites and pilots. In this respect, ECCSEL is considering investments and possible funding schemes 
to provide research facilities either by i) cost sharing or ii) coordination of investments by ECCSEL member to 
avoid unnecessary duplications. By strengthening the development of viable CCS concepts and closer integration 
and leveraging of the national efforts, ECCSEL will bring expertise and advanced research facilities efficiently 
together in the interest of the European and national CCS communities.  
 
In the planning of ECCSEL, gap analyses were made and CCS technologies have been reviewed to underpin and 
envisage the future experimental setup. Over the first 10 years (2015-2025), investments in the range €80-120 
million may be required for upgrading pre-existing laboratories and for setting up entirely new research facilities to 
meet specific needs and to close identified knowledge gaps. These investments will be further substantiated and 
prioritised before seeking approval by the members of ECCSEL. 
 
The tables in the following identify the immediate needs, tentatively prioritised, for pre-existing laboratories, 
upgrades and for entirely new research facilities.  
 
The list of proposed ECCSEL facilities will be modified dependent on which partners will join the operational phase 
and as a result of respective discussions and negotiations. 
ECCSEL will place its distributed resources into a common pool as follows:  
1) Making use of readily available facilities (CAT-1) 
2) Modifying existing facilities (CAT-2) 
3) Planning and building entirely new advanced facilities (CAT-3)  
 
The first item (CAT-1) refers to pre-existing facilities that will be available from the outset. The second item (CAT-
2) relates to major upgrades of pre-existing research facilities. The third item (CAT-3) concerns investments in 
entirely new research facilities needed to achieve the objectives of ECCSEL. For CAT-2 and CAT-3, only the high 
priority facilities are listed below (cf. Sections 6.2 and 6.3, respectively).  
 
It should be emphasised that the priority may change as a results of future development and strategic decisions by 
the ECCSEL members. These facilities need to be planned in more detail before investments approved by the Board 
of Directors are referred to the ECCSEL members for financial decision. In order to submit a request to invest, the 
following should be justified: The need for the research facility, its objectives, conceptual design studies (detailed 
level), timeline, uniqueness in its kind (state-of-the-art), relevance, reference to possible competing facilities (within 
or outside Europe, if any), detailed cost estimate, location and other relevant characteristics typical of each case. 
6.1 Existing research facilities 
CAT-1 facilities will be made available for ECCSEL, and be operated by institutions mandated by the ECCSEL 
Board of Directors. In principle, these research facilities will not need significant investment at the point of 
departure.   
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Table 4 below shows how the 33 most highly ranked existing facilities are distributed between the countries 
involved in the preparatory work. In addition a group of 30 other facilities have been identified as relevant for 
ECCSEL in the partner group. 
 
Historical investments/value of existing facilities expected to be part of ECCSEL RI, are difficult to assess. 
Upgrades of NTNU/SINTEF labs only, the last 5 years, are in the range of 35-40 mill EURO, whilst the investments 
in TCM Mongstad and CIUDEN Ponferrada facilities alone adds up to almost 1 billion EURO. As we expect to start 
up with around 30 facilities, the total historical investment in ECCSEL RI will be at least one billion EURO. 
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Table 4: Distribution of the most highly ranked existing infrastructures among countries 
Country Capture CAT-1
Transport CAT-1 Storage* CAT-1 
Germany 2 0 0 
Italy 0 0 2 
The Netherlands 2 0 1 
Norway 11 0 2 
Spain 1 1 1 
Switzerland 1 0 1 
United Kingdom 6 0 4 
* Existing research facilities for CO2 storage, as mapped at the end of 2013, are 
relatively few, a fact that is mostly due to a lack of identified available storage sites.  
6.2 Major upgrades of existing research facilities (2015-2017) 
For the initial phase (2015-2017 or onwards), some key facilities must be upgraded in order to comply with the 
requirements of ECCSEL. For this purpose, investments in the range of €32-43 million have been envisaged for 
upgrading the highest prioritized facilities related to capture techniques, CO2 transport and storage. The situation 
summarized in the following three tables has been mapped at the end of 2013 and hence it will be constantly 
updated, in order to consider the emerging valuable new components of ECCSEL. 
6.2.1 Capture 
The following high priority research facilities have been identified for upgrading, based on scientific and 
technological assessment for CO2 capture processes (Table 5).  
 
Table 5:   The need for upgrading existing research facilities associated with CO2 capture, based on scientific and technological 
assessment studies 
Item Description Priority Category 
Budgeted 
investment cost in 
million € 
     
1 
Experimental facility for development and testing of H2-rich fuels 
in gas turbine burners and combustor systems, as well as testing of 
systems with  CO2 enrichment, oxy-combustion, or enriched air 
combustion. 
ÎCandidate locations: DLR Germany, SINTEF Norway and TNO 
Netherlands 
High Upgrade existing 5-8 
2 
Oxy-combustion industrial pilot scale; enabled for various solids 
fuels. Upgrading for operation periods >1000h. 
ÎCandidate location: CIUDEN, Spain 
High Upgrade existing 16-17 
3 
Modifications of existing pilot plant for testing and verification of 
conceptual capture techniques using solvents with flexible 
combustion system in order to enable a broad range of fuels, and to 
also mimic industrial gases in systems using post and pre-
combustion techniques. 
ÎPossible location: Tiller, Norway 
High Upgrade existing 4.4 
4 
Facility for emission reducing technologies, solvent technology, 
Post and Pre-combustion,  
ÎCandidate locations: SINTEF Norway and TNO Netherlands 
High Upgrade existing 0,6 
5 Reactor set up testing facility for low Temperature adsorption processes at realistic operating conditions, Post- and Pre- High 
Upgrade 
existing 1-3 
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combustion, 
ÎCandidate locations: SINTEF, Norway. 
6 
Facility for preparation and testing of up-scaled polymeric and 
hybrid membranes  
ÎCandidate locations: NTNU, Norway. 
High Upgrade existing 0,8 
7 
Facilities for testing of lab scale inorganic membranes in realistic 
gas composition including H2S 
ÎCandidate location: SINTEF, Norway 
High Upgrade existing 0,5 
8 Semi pilot scale inorganic membrane fabrication ÎCandidate location: SINTEF Norway High 
Upgrade 
existing 0,5 
 
6.2.2 Transport 
The following high priority research facility has been identified for upgrading, based on scientific and technological 
assessment for CO2 transport (Table 6). 
 
Table 6:  The need for upgrading existing research facility associated with CO2 transport, based on scientific and technological 
assessment studies 
Item Description Priority Category 
Budgeted 
investment cost in 
million € 
     
9 Industrial dynamic CO2 transport development ÎCandidate location: CIUDEN, Spain High 
Upgrade 
existing 0,25 
 
6.2.3 Storage 
The following high priority storage facilities have been identified for upgrading, based on scientific and 
technological assessment for storage (Table 7). 
 
Table 7:   The need for upgrading existing research facilities associated with CO2 storage, based on scientific and technological 
assessment studies  
Item Description Priority Category 
Budgeted 
investment cost in 
million € 
10 
A nature-based laboratory for assessing fracture controlled 
migration. Objective is to assess reservoir and caprock 
geomechanical responses at a small field scale.  
ÎMont Terri (Switzerland) is a possible candidate site.  
High Upgrade existing  3-5 
11 
Storage pilots to investigate injection strategies to meet 
likely CO2 supplies in a range of storage types. 
ÎHontomin and Svalbard could be potential candidates.  
High 
(main 
priority) 
Upgrade 
existing 2-3 
 
6.3 Planning and construction of new research facilities (2015-2025) 
New advanced CCS facilities (unique laboratories, pilots or test sites) will be planned for sooner or later inclusion in 
ECCSEL. Involvement of research facilities in nations outside Europe will be considered, if it is justified that such 
involvement will add value by synergy. Hence, the planning, construction and operations of new facilities will be 
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made on the basis of commercial as well as technological and scientific criteria, and in accordance with the ideas of 
the European Strategy Forum on Research Infrastructures (ESFRI).  
 
For the first ten years, 2015-2025, ECCSEL will need further investments in the range of €52-81 million to set up 
entirely new research facilities, as envisaged in the following sub-sections for capture, transport and storage. Beyond 
the initial phase, ECCSEL will solicit joint funding for these investments, and take ownership of these new research 
facilities to the extent possible. The CAT-3 tables below show only the proposed new facilities with high priority, 
representing an estimated cost in the range of € 22-40 million. 
6.3.1 Capture  
The following high priority research facilities have been identified and prioritised to be planned and built, based on 
scientific and technological assessment for CO2 capture processes (Table 8). 
Table 8:  The need for new research facilities required for CO2 capture techniques, as required to achieve the objectives of 
ECCSEL  
Item Description Priority Category 
Budgeted 
investment cost in 
million € 
13 Mobile unit (container size) for testing of CO2 capture from flue gases by absorption/desorption (§1000 m3/h) High New 3-5 
14 
Facility for testing (pilot scale, 1-10 m2) of inorganic 
membranes and modules for oxy- and Pre-combustion 
applications 
High New 3-4 
15 
Experimental facility (small pilot) suitable for CO2 
purification of gas mixtures originating from oxy-
combustion processes as well as CO2 / H2 separation, for 
pressures up to 110 bar and temperatures -70 Ԩ - +50Ԩ. 
The test rig should be highly instrumented to monitor the 
operation of heat exchangers and non-equilibria operations, 
and be built to handle the HSE requirements of H2. 
High New 3-4 
16 
Aerosol counter measure development facility: 
demonstration of suitable countermeasures for aerosol 
formation during post-combustion capture at different 
scales. Lab pilot: special demisters, wet electrostatic 
precipitator (WESP), impactor. Pilot scale (real flue gas): 
wet electrostatic precipitator.  
High New 2-3 
 
6.3.2 Transport 
The following high priority research facility has been identified and prioritised to be planned and built, based on 
scientific and technological assessment for CO2 transport (Table 9). 
Table 9:  The need for new research facilities associated with CO2 transport, as required to achieve the objectives of ECCSEL  
Item Description Priority Category 
Budgeted 
investment cost in 
million € 
24 
Experimental facility to test various properties of CO2 and 
mixtures with CO2: phase behaviour including hydrate 
formation, liquid phase density, viscosity, thermal 
High New 5-8 
 Sverre Quale et al. /  Energy Procedia  63 ( 2014 )  8069 – 8096 8089
 
conductivity, speed of sound in liquid phase, surface tension, 
diffusion coefficients and heat capacity. Large span of 
temperature and pressure. 
6.3.3 Storage 
The following new high priority research facilities are deemed necessary for ECCSEL to achieve its objectives. 
 
Table 10:  The need for new research facilities associated with CO2 storage, as required to achieve the objectives of 
ECCSEL 
Item Description Priority Category 
Budgeted 
investment cost in 
million € 
25 
A pilot scale research facility for injection into a fracture to 
study migration and attenuation processes during migration 
through the overburden. Challenges could be site 
identification and permitting.  
ÎHontomin (Spain), Sulcis (Italy) and Svalbard (Norway) 
may be possible candidates. 
High 
New or 
upgrade 
existing 
 3-8 
29 
Facility to simulate leakage for developing models and 
integrated monitoring technologies for offshore storage.  
ÎNo storage site needed. 
High New  3-8 
 
7 FINANCIAL PLAN 
The financing of ECCSEL as a distributed European research infrastructure relates to the funding of the ECCSEL 
Operations Centre, responsible for the entire coordination, and to the operations and required investments in 
research facilities within the distributed institutions associated with ECCSEL. 
7.1 Financing the ECCSEL Operations Centre 
Linear implementation of the ECCSEL implies that: 
x At the outset, the Operations Centre will have a lean structure, and its expenses will be covered partly by 
in-kind contributions. 
x Transition to the advanced phase will be kept on a low cost-basis. Member contributions will be optimised 
while avoiding expenditures that are not deemed necessary to maintain the normal operation during the 
transition process. 
x Various funding mechanisms will be considered to guarantee the necessary financial support to ECCSEL.  
 
The annual costs for the Operations Centre are summarised in Table 3, assuming an initial phase of approximately 
two years, starting in 2015. 
 
The Norwegian Government has offered to finance a third of these costs. Hence, 2/3 of the costs must be covered by 
contributions from the other ECCSEL members. 
 
Assuming six countries (of which at least one is an EU Member State) will be part of ECCSEL in the starting phase, 
the cost contribution will be: 
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Table 11: Possible distribution of annual costs for the Operations Centre 
 Contribution in the 
starting phase (€)
Contribution in the 
advanced phase (€)
Norway 200.000 333.000
Country n°1 80.000 134.000
Country n°2 80.000 134.000
Country n°3 80.000 134.000
Country n°4 80.000 134.000
Country n°5 80.000 134.000
Total 600.000 1003.000
 
As stated above, the Operations Centre cost contribution may partially be covered in terms of in-kind contribution.  
7.2 Financing of research facilities 
Contrary to conventional research projects and research programmes functioning over a limited period of time, 
ECCSEL investments will – essentially – be unconstrained by time. This means that ECCSEL, over the foreseeable 
future, will keep focus on its principal task. 
 
The expectations of ECCSEL are considerable (cf. Figure 1), and the increasing operations are estimated to take the 
form of high capital and operational expenses for new and/or upgraded laboratories and equipment. In this context, 
ECCSEL will: 
x Allow for resources and budgets to be pooled in order to meet the higher costs while gaining from the 
higher revenues and reduced risk. The sharing of risk, cost and revenues among operators of ECCSEL 
facilities may allow for reduced contributions from single sources.  
x Provide a mechanism to create research facilities that would otherwise be unaffordable to any single 
institution, thus increasing the breadth and depth of the research to be performed. This will probably 
require joint funding via ECCSEL. 
 
As stated in Chapter 6, funding of investments in the range of €80-120 million have been assumed for the first ten 
years (2015-2025), in order for ECCSEL to achieve its goals. The total funding is to be provided mainly by the 
European Union, its Member States, associated countries and third countries, as well as regional and national 
agencies. Investments in ECCSEL research facilities will be integrated in the national strategies on CCS research. 
 
The operational costs will be remunerated by the users of the facilities of ECCSEL, subject to funding via research 
projects, grants and industries. 
 
An overview of financing of investments and operational costs is shown in Figure 12. 
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Figure 12: Schematic overview of CAPEX and OPEX financing for ECCSEL Operations Centre and research facilities  
 
7.2.1 Horizon 2020  
This instrument will bring together all existing EU R&D funding. Horizon 2020 is seen as the primary mechanism 
of the European Union to achieve objectives outlined in the SET-Plan in a timeframe from 2013-2020. In most 
H2020 calls, only operational costs (not investments) will be funded.  
7.2.2 Berlin Model 
This model aims at a stronger action from the Member States of the European Union and other countries, over a 
three steps approach: 
1) Potential project partners from different countries identify a joint research project defining a draft proposal.  
2) Subject to positive evaluation of the draft proposal by all national funding agencies, project partners submit 
a full proposal to their national funding agencies, taking into account the alignment of different evaluation 
procedures in different countries. 
3) Provided a positive decision by the national funding agencies, the project partners ask the EU-commission 
for additional support that can serve to incentivise collaboration and coordination between partners.  
7.2.3 Public-private partnerships 
This initiative is funded and operated via a partnership of one or more private companies in collaboration with the 
public sector. 
7.3 Initial phase 
The initial phase will have a lean operational management structure, as required to operate the ECCSEL partnership 
during this critical start-up phase. During this phase, activities will mainly be based on existing research facilities 
within the partners' organisations. The initial phase will be used to gradually develop the advanced phase. Partners 
will inter alia a) undertake joint planning for improvements, b) submit joint applications for funding, and c) provide 
open access to visiting researchers. 
 
It is assumed that some existing research facilities will be in need of major upgrading to serve the growing demands 
for advanced research. Moreover, upgrades will be planned according to specific needs and positioning subject to 
scientific and technological considerations.  
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7.4 Advanced phase 
In the advanced phase, the Operations Centre will grow in terms of staff and operational expenses. ECCSEL will 
direct efforts to the planning, designing and building of new large research laboratories and test sites devoted 
essentially to capture techniques and storage-related issues (i.e. complex and advanced facilities). These operations 
will form the core of ECCSEL. Nevertheless, a part of the initial portfolio of existing and upgraded facilities will be 
kept within the research infrastructure of ECCSEL provided, however, that these facilities are required to ensure the 
appropriate quality, relevance and complementarity of ECCSEL. 
 
New schemes for the preparation, funding and shared ownership of facilities may be applied as the principal option, 
aiming (mainly) at cutting lead time and improving the pace and quality of the scientific and technological results of 
experimental research. In this pursuit, ECCSEL will form a venue for appropriate assessment, specification and 
validation, using structured forecasting techniques (collective intelligence). No distinction will be made between 
power generation and industrial processes to be addressed.  
 
ECCSEL will operate as a not-for-profit organisation, mainly on a "non-economic basis". If required, it will carry 
out limited economic activities closely related to its task. To the extent necessary, ECCSEL shall record the costs 
and revenues of its economic activities separately, and shall charge market prices for them. 
8 RESEARCH, EDUCATION AND INNOVATION 
ECCSEL emphasises quality, capability and capacity of its research facilities and related services giving rise to 
breaking ideas via joint research actions and open access across nations. On this basis, ECCSEL aims at gaining 
recognition as a world-class research infrastructure, based on a distributed network of resources.  
 
In the initial phase, ownership of existing facilities and the related tangible and intangible assets will remain with 
their respective host institutions. In the advanced phase, shared ownership may gradually be sought for new 
advanced laboratories to be constructed. 
 
On a regular basis, ECCSEL will strategically review its research agenda and research portfolio. This agenda must 
be ambitious and challenge the access criteria and the prioritisation of investments, either to improve or retire a 
certain part of its portfolio of research facilities. In this respect, ECCSEL will extend actions towards national key 
research laboratories outside Europe to contribute to the creation of synergy, combining efforts of networking, open 
access policies, and topical research agendas. 
8.1 Science and education 
Concerted actions, pursuant to the knowledge triangle (Figure 13), will complement research with education and 
innovation. ECCSEL will give priority in two directions: i) academic needs (fundamental research and education) 
and ii) innovation (applied research). As stated under the specific targets (Section 2.2), projects belonging to the 
latter direction will be ranked according to their potential, and also for ramping up the speed and capacity needed for 
CCS to become material (cf. Figure 1).  
 
Figure 13:  The knowledge triangle 
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In this endeavour, experimental verification, validation and calibration of emerging CCS techniques will constitute 
focal areas, implicit with various concepts, models and modelling, theories, thermo-physical phenomena, methods 
and specific computer codes, requiring a closer cooperation between academia, industry and society.  
8.2 Innovation 
Innovation shall apply to the planning, structuring and handling of ECCSEL as a remote and distributed research 
infrastructure characterised by widespread internal and external interactions.  
x Emphasis will be placed on continual improvements of the research infrastructure and the related services 
in order to provide innovative advantage.  
x Innovation shall be planned in consideration of CCS research challenges such as techniques and their 
integration in the CCS chain, and in combining technologies into systems likely to become more efficient 
and less costly than hitherto.  
 
An appropriate innovation management tool will be implemented to increase the potential of innovation. The 
envisaged stage-gate process entails four stages in which the technology development will take place. Every stage 
has specific toll gate items to comply to and will specify particular technology targets for the next stages.  
 
Every stage will have a decision moment. A gate meeting can lead to six results: “go”, “kill”, “hold”, “recycle”, 
“conditional go”, or “continue outside ECCSEL”. This will be in compliance to the strategic planning of ECCSEL. 
Next to stream lining the technical development it is also relevant to make efficient use of resources and 
infrastructure. The toll gate procedure will be based on review of deliverables: these deliverables are decided at the 
output of the previous gate, and are based on a pre-defined list of deliverables for each gate. 
 
Figure 14: Structure of the innovation management tool 


As addendum to the Operations Centre implementation plan, there will be additional services required for the 
Innovation management tool by the Operations Centre. On a yearly basis, the benefits and enhancement of the 
8094   Sverre Quale et al. /  Energy Procedia  63 ( 2014 )  8069 – 8096 
 
innovation management tools will be monitored and reported. The key performance indicators of ECCSEL (cf. 
Section 2.2) will be addressed in this yearly cycle.  
9 FUTURE MARKET NEEDS 
The transition to a non-emitting energy mix for power generation will take decades. This transition will need to be 
sustainable, e.g. economically affordable. Fossil fuels which are abundant have an important role to play in this 
respect provided that CCS is progressively implemented. Energy intensive industries do emit a lot of CO2 and need 
to be implemented with CCS too. Applying CCS to biomass used alone or combined with fossil feedstock is 
presently the primary way to pump CO2 from the atmosphere and come up with negative emissions. These represent 
market opportunities for developing CCS. 
 
The business concept of ECCSEL is to proactively develop and optimise the availability of appropriate CCS 
research facilities and the competence required for their operation, as required for the positioning of CCS as a new 
component inherently associated with the use of fossil fuels in the power sector and in industries – in Europe and in 
other advanced regions.  
9.1 Knowledge markets 
Subject to stringent climate mitigation policies, a new market for specific knowledge products, relating to CCS, is 
envisaged. This market is expected to grow rapidly.  
 
As facilitator of world-class CCS research, ECCSEL will engage with knowledge providers, offering expertise, 
advanced laboratories, and test sites. Thus, ECCSEL will help verify and validate conceptual studies and theories. 
Moreover, ECCSEL will facilitate fundamental and applied research leading gradually to commercial applications. 
In this way, ECCSEL will enable its users to act commercially in the knowledge market in various ways:  
x Engineering companies and technology providers may promote their newest ideas and solutions based on 
research in the forefront of the technological development (innovation).  
x Plant owners and industries may better know how to invest in state-of-the-art technologies. 
x Governments may better execute their critical role of shaping the future (IEA, 2011)16. 
 
ECCSEL will become instrumental in facilitating knowledge sharing and exchange of knowledge and experience 
within the CCS community. This includes organising topical events, workshops and conferences, as well as 
engagement in the training of highly qualified students and engineers. ECCSEL will also offer expertise in the 
planning of technology transfer with industries or third parties, especially in terms of innovation and improving the 
efficacy of prevalent CCS technologies.  
 
ECCSEL will furthermore address societal issues, especially as to how safety and environmental integrity can be 
ensured along the CCS chain. 
10 BENEFITS FOR MEMBERS OF ECCSEL 
Membership of ECCSEL is limited to governments and intergovernmental organisations. Hence, membership 
implies benefits and opportunities extended to the members mainly at a national level. The opportunities may, 
however, trickle down to the associated European and national research communities engaged in CCS in various 
ways. The most appropriate opportunities are: 
 
x Cost and risk sharing  
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o ECCSEL will provide funders, operators and researchers with significant benefits by offering 
access to world-class research facilities that in many cases are unlikely for a single nation to 
support in isolation. This also implies: 
 Creation of synergy and the avoidance of duplicated efforts. 
 Streamlining of funding for research facilities. 
 Increased knowledge gained from accessing ECCSEL research facilities.  
x Knowledge sharing 
o Access to ECCSEL research facilities implies for each member (nation) increased opportunities to 
address research topics of relevance at a lower cost.  
o It is possible that members may be given access on more favourable terms than non-members.  
x Influence on locations and capabilities of large pilots and research laboratories  
o Active membership of ECCSEL can ensure that large research facilities address topics of highest 
relevance to a member's specific needs (e.g. leakage quantification, testing of specific capture 
techniques etc.).  
x Maintaining topical leadership in European CCS research.  
o ECCSEL membership will significantly strengthen the potential for associated research 
organisations to host ECCSEL facilities, either by including existing facilities within the ECCSEL 
network or by hosting new research facilities owned by ECCSEL. This would enable the 
associated research community to maintain its leading position in the field of CCS research.  
o A strengthened profile will also support the policy leadership in CCS at the European and 
international level.  
x Support of the wider deployment of CCS  
o Direct links with technology providers will provide opportunities for the national and European 
industries to undertake joint testing at ECCSEL facilities in domestic as well as in other ECCSEL 
facilities across Europe, and increase capabilities via training and education. 
o Plant owners and industries may be advised as to how to innovate and make investments in state-
of-the-art CCS technologies. 
o Spin-off businesses based on specific competence developed within the ECCSEL framework may 
create new services, products and jobs in Member States. 
x Influence on the European research programme and policy development  
o ECCSEL will be a significant actor advising and influencing European research priorities and 
policy development pertaining to CCS.  
o ECCSEL participation will also provide governments and regulators as well as the research 
community with alternative mechanisms for future developments.  
o Direct links with regulators will ensure a most appropriate regulatory framework, as required to 
establish a foreseeable permission process for the CCS chain. 
x Extension of the support already obtained for existing national key laboratories  
o National key laboratories can become future research facilities under ECCSEL and thereby 
provide increased access to joint research and to additional funding for continued development of 
ECCSEL and the host institutions. This will maximise their potential, extend their output and 
relevance and increase their future role in European research. 
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